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1 BSTBACT 


More  people  than  ever  before  are  using  computers.  Scae 
use  caly  the  hose  coiputer  while  others  use  large  aainfraaes 
or  both.  ill  coapcters  have  an  interface  with  which  the 
person  sust  interact  to  operate  the  systea  correctly.  This 
interface  aust  be  designed  so  that  the  operator  can  use  the 
systea  without  wasting  tine  and  aoney.  This  thesis 
describes  scae  of  the  issues  which  should  be  considered  when 
designing  a  aan-aachire  interface,  and  defines  soae  types  of 
operators  and  their  envir onaents.  The  issues  and  their 
resoluticn  are  illustrated  by  a  case  study  which  describes 
the  aan~aachine  interface  of  an  actual  Dnited  States  Mavy 
systea  in  use  today. 
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I.  U2ISBI&II2JL 


in;  reasonably  cosplex  systew  requires  a  true  interaction 
between  aan  or  woaan  and  the  other  parts  of  the  systea# 
which  say  be  coaput era,  other  huaan  beings  or  coabinations 
of  these.  Soae  way  aust  be  found  for  thinking  about  the 
functions  of  coaputcxs  and  the  functions  of  aen  and  woaen 
within  a  fraaework  which  aakes  possible  the  relation  of 
these  two  kinds  of  fsnctioas  to  coaaon  goals.  Even  in  a 
systea  as  faailiar  and  as  relatively  siaple  as  the  autoao- 
bile#  it  is  easy  to  see  that  the  goal  of  transporting 
passengers  over  roads  reguires  not  only  the  functions  cf  the 
aachine  itself  but  also  a  considerable  variety  of  huaan 
functicna  perforaed  by  the  operator.  The  design  of  a  systea 
which  is  to  be  successful  in  achieving  soae  specific  defined 
purpcse  reguires  thorough  and  continued  consideration  of  the 
interacting  functions  of  both  operators  and  nachines#  of 
which  ccaputers  are  the  aost  ccapler  exaaple. 

Coaputers  are  tccla  developed  to  fulfill  soae  huaan 
purpose  cr  intended  use.  They  nay  have  distinctly  civilian 
social  purpcses  such  as  those  of  an  airport-to-city  trans¬ 
portation  systea#  a  nail- sorting  systea#  a  check-cashing 
systea  ox  a  sales  transaction.  But  coaputers#  of  course# 
are  net  only  used  in  civilian  businesses.  They  are  also 
used  freguently  in  ailitary  applications.  Their  purpose  aay 
be  to  protect  against  eneny  ailitary  attack  or  to  harass  or 
to  destroy  an  eneay  in  wartiae.  Host  systeas  reguire  an 
operator  of  soae  sort  to  input  data  or  aonitor  the  eguip- 
aent.  This  operator  is  an  iaportant  part  of  the  systea 
£Bef.  1]. 


There  are  aany  different  types  of  operators.  Soae  are 
well  trained  while  ethers  are  not.  There  are  intelligent 
and  unintelligent  operators  and  progranaing-oriented  and 
non-pxograaaing-oriented.  Many  operators  are  in  lcve  with 
coaputers  while  others  are  terrified  of  thea.  While  a 
systea  is  being  designed  the  type  of  operator  must  he  known 
and  the  jet  he  or  she  is  expected  to  accoaplish  aust  be 
fully  and  clearly  expressed.  These  operators  nay  be  dedi¬ 
cated  assistants  to  aanageaent,  slaphappy  sales  clerks, 
trained  specialists  xn  an  inforaation  rooa  or  ailitary 
screen- watchers  in  a  windowless  building  watching  the 
affairs  of  the  world  £Bef.  2]. 

Knowing  the  type  cf  operator  and  what  these  operators 
aust  acccaplish  in  sjsteas,  and  expressing  these  acccaplish- 
aents  as  functions  Bakes  it  possible  to  accurately  describe 
the  cperatcr*s  required  capabilities.  These  accounts  in 
turn  periit  conclusions  to  be  Bade  concerning  the  various 
technigucs  needed  tc  develop  these  huaan  capabilities, 
whether  they  be  natters  of  selecting  operators,  training 
thea  cr  providing  thea  with  adeguate  environaents  for  their 
work.  These  techniques  rest  upon  decisions  that  ccncern 
huaan  factors,  huaan  capabilities  and  the  relationship 
between  the  huaan  being  and  the  coaputer. 

In  order  to  fulfill  a  purpose,  a  systea  aust  aeet  certain 
standards  often  expressed  (particularly  in  ailitary  systens) 
as  criteria  of  operational  effectiveness.  Systea  developers 
have  been  known  to  take  the  point  of  view  that  if  cnly  the 
hardware  can  be  Bade  to  run,  operators  with  the  proper  char¬ 
acteristics  will  be  found  and  'fitted  into*  the  systea. 
Such  a  view  has  aany  drawbacks.  In  aost  cases  it  is  not 
possible  tc  enploy  only  'operators  with  proper  characteris¬ 
tics'  especially  in  the  ailitary  services.  This  view  also 
places  too  such  dependence  on  the  range  of  huaan  talents  and 


on  the  extent  of  husar  adaptability.  This  restricted  view 
of  systems  and  systea  development  leads  to  failures,  break¬ 
downs,  costly  programs  of  retrofitting  and  even  to  total 
abandonment.  Ho  systea  is  ccaplete  until  it  can  be  shewn  to 
operate  within  a  total  setting  that  includes  the  operators; 
no  systea  can  truly  be  said  to  be  successful  until  its  oper¬ 
ational  effectiveness  is  demonstrated  by  the  operator.  Ihe 
best  systea  development  is  that  which  includes  consideration 
of  systea  operation  (rather  than  merely  hardware  oper¬ 
ability)  from  the  very  beginning  of  the  systea  design. 
Equipment  design  which  consciously  takes  advantage  cf  human 
capabilities  and  constrains  itself  within  human  limitations 
amplifies  and  increases  systea  output.  If  it  does  not, 
systea  performance  is  reduced  and  the  purpose  for  which  the 
equipment  was  designed  is  endangered.  This  consideraticn  is 
even  more  significant  today'  than  in  the  past  because  the 
highly  complex  systems  that  we  develop  are  pushing  human 
functions  sore  and  more  to  the  limits  of  efficient 
performance. 

How  can  one  ensure  that  the  computer  and  the  computer 
operations  are  actually  designed  for  human  use?  Behavioral 
data,  principles,  and  recommendations  -  in  short,  the  human 
factors  discipline  -  must  be  translated  into  meaningful 
design  practices.  Concepts  like  ease  of  operation  or  error- 
free  performance  nest  be  interpretable  in  hardware  and 
system  terms  £Ref.  1]. 

The  term  human  factors  has  several  meanings  which  can 
lead  to  confusion  unless  these  different  meanings  are  care¬ 
fully  differentiated.  There  are  four  basic  meanings  tc  the 
term  human  factors. 

First,  human  factors  are  elements  such  as  equipment, 
environment,  and  tasks,  which  influence  the  efficiency  with 


which  people  can  use  equipment  to  accomplish  the  functions 
of  that  equipment. 

Second,  the  term  human  factors  can  also  refer  to  the 
number  and  type  of  personnel  selected  to  run  the  system  and 
how  they  function.  This  includes  number  of  operators  and 
maintenance  technicians  in  the  system,  their  skill  level, 
the  functions  and  tasks  they  nust  perform  in  controlling 
their  equipment  and  hew  they  perform  their  tasks. 

1  third  implication  of  the  term  human  factors  is  its 
reference  to  the  manner  in  which  personnel  perform  when 
using  the  equipment  and  the  effect  of  that  performance  on 
other  systei  elements  or  on  over-all  system  goals. 

A  fourth  way  in  which  the  term  human  factors  can  be  used 
is  tc  refer  to  the  psychological  effect  of  the  over-all 
system  upon  its  perscnnel  elements.  The  system  of  which  the 
operator  is  a  part  may  influence  his  performance,  his 
health,  and  his  attitudes  toward  nonwork  related  activities, 
forking  at  a  job  which  is  intellectually  and  emotionally 
demanding  may  create  frustrations  which  affect  the  werker's 
attitudes  toward  his  family,  friends  and  society  in  general 
[Bef.  3]. 

There  have  been  several  attempts  to  describe  the  place  of 
the  operator  within  a  system.  Nan's  functioning  enters  into 
coupler  systems  at  many  points  and  in  many  particular  ways, 
furthermore,  the  display  and  amount  of  information,  the 
contrcls  to  which  the  individual  responds,  and  the  mechan¬ 
isms  which  provide  the  transformations  for  these  components 
of  the  system  are  of  considerable  variety.  It  would  be  a 
mistake  to  think  that  because  the  operator  typically  'occu¬ 
pies  a  space'  between  machine  displays  and  controls,  his 
functioning  can  be  related  in  a  constant  set  of  ways  tc  such 
inputs  and  outputs.  The  fact  is,  neither  the  input  nor  the 


output  hy  themselves  Kill  tell  us  the  nature  of  nan's  func¬ 
tioning.  There  are  different  kinds  of  transf oraations  which 
may  he  perforaed  (by  the  huaan  nervous  systea)  in  turning 
inputs  into  outputs.  To  understand  the  variety  cf  these 
transformations,  we  aust  first  recognize  that  there  are 
internal  functional  units  ir  san,  some  of  which  aay  be 
active  cr  inactive  fcr  any  particular  kind  of  functioning 
which  the  systea  aay  reguire.  The  science  of  psychology  nay 
he  considered  as  having  the  purpose  of  discovering  and 
defining  the  functions  of  these  internal  units,  as  well  as 
their  relationships  £Bef.  1  ]. 

This  thesis  describes  soae  iaportant  factors  which  should 
be  given  significant  consideration  when  designing  a  man- 
aachine  interface.  It  seeas  as  though  aany  systeas  have 
been  designed  without  consideration  of  the  type  of  operator 
who  will  use  the  systea,  the  environaent  the  operator  will 
have  tc  work  in  and  how  the  systea  effects  the  pecple  who 
work  with  it. 

There  are  aany  different  types  of  operators.  Chapter  two 
discusses  five  different  categories  of  operators  and  the 
envircnaental  factors  which  should  be  considered  when 
designing  a  man-machine  interface  for  a  systea.  Ecth  the 
type  cf  operator  and  the  environment  in  which  he  or  she 
works  directly  effects  the  efficiency  and  perforaance  of  the 
systea  involved.  The  wrong  operator  in  an  uncomfortable  or 
awkward  environaent  perforas  poorly. 

Chapter  three  discusses  the  operator  as  a  component  of 
the  systea.  The  operator  maybe  any  single  type  or  scae 
coabination  of  the  types  discussed  in  chapter  two,  and  this 
typing  affects  aany  pertions  of  the  systea.  He  or  she  must 
re  a  part  of  the  systea  from  the  design  phase  through  the 
develcping  plase.  In  summary,  chapter  two  will  address  the 


design  of  abortion  of  the  systea,  the  aan-aachine  interface, 
while  chapter  three  addresses  the  total  system's  perforsance 
and  hew  it  depends  cn  how  well  the  operator (s)  and  the 
aachinc  fit  together. 

Chapter  four  discusses  the  issues  aentioned  in  chapters 
two  and  three  with  respect  to  an  actual  systea.  This  systea 
is  used  by  the  United  States  Davy  today.  The  inforaation 
was  obtained  through  interviews  with  operators  and  support 
personnel  who  interact  with  the  systea  on  a  daily  basis. 
The  chapter  describes  soae  of  the  probleas  the  operators 
aust  deal  with  and  soae  solutions  to  these  probleas. 
Chapter  five  presents  a  brief  suaaary  of  the  thesis. 


ii.  uu  zinxm  us  nszass  gmgQMam 


A.  1EI  CPEBATOB 

The  designer  of  as;  systea  which  includes  a  aan-aachine 
interface  sast  have  the  operator  clearly  in  Bind.  He  aust 
know  the  answers  to  guestions  such  as:  Bhat  is  this  partic¬ 
ular  eperator  capable  of?;  How  such  training  can  he  or  she 
he  given?;  Bill  the  eperator  have  a  specialized  background 
such  as  a  knowledge  of  progressing  or  faailiarity  with 
coaputers?;  How  eften  will  he  or  she  use  the  terainal?;  The 
interface  aust  be  designed  based  on  the  specific  class  of 
operators. 

Bhich  type  of  operator?  There  are -several.  Soae  of  the 
aajor  classifications  are: 

1.  Cedicated  Casual  ££f£l£fi£ 

A  casual  operator  is  a  person  who  spends  aost  of  his 
day  doing  soaething  entirely  different  froa  using  the 
coaputer  such  as  selling  aerchandise  or  aanaging  a  store. 
This  person  is  not  highly  trained  in  coaputer  usage.  He  is 
easily  confused  by  unclear  terainal  responses  and  easily 
frustrated  ty  lengthy  response  tines.  For  the  operator,  the 
■an-nachine  interface  aust  he  designed  to  appear  as  natural 
as  possible,  or  his  bewilderaent  will  guickly  turn  into 
annoyance,  criticisa,  or  behavior  that  aaounts  to  rejection 
of  the  systea. 

Cn  soae  systeas  the  operator  is  a  dedicated  user.  A 
dedicated  operator  is  a  person  who  spends  his  whole  working 
day  in  front  of  a  terainal.  This  type  of  operator  is 
typical  of  coaputer  center  environaents  and  ailitary 


organizations.  Han;  military  watch-standers  spend  their 
full  eight  hoar  shift  in  front  of  a  terainai  connected  to  a 
real-tiae  system.  The  operator  is  usually  specially  trained 
for  the  particular  job,  perhaps  with  a  lengthy  training 
prograa.  In  aany  other  situations  the  operators  training 
is  liaited  and  on-the-job  training  is  the  aajor  training 
element.  This  particular  type  of  operator  will  have  plenty 
of  tiae  to  practice  his  interaction  with  the  aachine,  to 
learn  its  language  and  to  becoae  accustomed  to  its  idiosyn¬ 
crasies.  Also,  as  the  dedicated  operator  becomes  familiar 
with  the  system  the  level  of  training  can  increase  and  be 
more  complex  due  tc  his  increasing  understanding  of  the 
system. 

In  soae  systeas  the  operator  uses  a  programming 
language.  it  aay  be  one  of  the  standard  prograaaing 
languages  or  a  special  set  of  prograa  statements  devised 
specifically  for  the  application.  If  the  operator  is 
prograaiing-oriented  then  an  existing  language  can  be 
adapted  for  the  man-aachine  interface  dialogue.  This  will 
eliainate  the  need  for  a  new  interface  language.  If  the 
operator  is  not  prograaaing -oriented,  however,  a  language  or 
dialogue  has  to  be  developed  so  the  operator  can  learn  to 
use  the  terainai  and  perfora  her  job.  This  interface  should 
be  easy  to  learn  at  the  terainai,  and  enable  the  operator  to 
build  her  expertise  without  causing  the  systea  to  crash. 

A  warning  acst  be  given  to  the  designer  of  the 
interface.  If  she  is  a  programmer,  she  aust  be  careful  not 
to  associate  her  own  skills  with  those  of  the  proposed  oper¬ 
ator.  There  is  so metises  an  overwhelming  tendency  to  do 


:s 


3 .  Intelligent  Curator 


is  alaraing  sc  it  say  sound,  the  intelligence  cf  the 
operator  aust  be  considered  when  designing  the  interface 
between  a  huaan  and  a  cosputerized  systea.  If  the  systes  is 
to  be  operated  by  the  *  general  public*  then  the  designer 
sust  develop  an  interface  which  can  be  understood  by  a 
person  with  little  or  no  education,  as  well  as  a  person  with 
a  large  aaount  of  education.  The  interface  aust  be  easy  to 
work  with  and  in  a  language  the  operator  can  understand  such 
as  English.  If,  however,  the  operator  is  always  going  to 
have  a  coaputer  background  with  experience  in  prograaaing 
languages  then  the  interface  does  not  have  to  be  so  sitple. 
If  the  operator  is  net  faailiar  with  the  language  which  the 
interface  is  written,  his  experience  and  capabilities  enable 
hia  tc  guickly  learn  the  language.  Interface  structures  can 
be  designed  that  are  suitable  for  all  classes  of  operators. 
The  IC  bracket  of  the  operator  is  iaportant  in  deteraining 
the  interface.  Overcstiaating  the  operators'  capabilities 
for  lcgic,  short- ten  aeaory,  or  association  is  a  sure  way 
to  land  the  systea  in  trouble. 

Differences  in  IQ  are  aeasured  on  a  relatively  saall 
scale.  Difference  in  capability,  however,  can  range  over  a 
lengthy  scale.  In  cne  day,  for  exaaple,  a  highly  coapetent 
prograaaer  with  interactive  prograaaing  can  accoaplish  a 
hundred  tiaes  aore  than  a  person  without  skill  or  aptitude. 
In  a  language  capable  of  handling  coupler  and  subtle  opera¬ 
tions  a  person  lower  cn  the  scale  will  siaply  never  learn  to 
use  its  aore  coaplex  features.  The  designer  aust  be  aware 
of  these  capabilities  cf  the  operators. 


4.  flia&I  Trained  Cpetatai 

let  all  operators  cao  be  given  lengthy  and  detailed 
training.  Of  course,  good  training  is  desirable  in  any 
systea,  but  so  Betimes  it  is  not  possible.  Mot  all  operators 
need  a  detailed  training  course.  Soae  aay  already  have 
experience  in  the  area  and  not  need  any  aore  than  an  intro- 
duct  icn  session.  There  are  others,  however,  who  have  never 
been  close  to  a  computer  and  need  extensive  training.  The 
interface  can  be  designed  very  differently  if  the  operator 
is  tc  have  extensive  training.  In  soae  cases  the  terainal 
itself  has  been  used  to  assist  in  the  training.  The  oper¬ 
ator  can  learn  how  to  use  it  in  a  'computer-assisted 
instruction*  aode.  If  the  user  forgets  certain  operations, 
the  computer  aay  remind  her  or  give  her  a  lesson  on  the 
spot.  In  a  real-tine  situation, . however,  the  tine  it  takes 
to  reteach  the  operator  nay  be  critical  or  unavailable. 
Therefore,  the  foraal  training  given  to  operators  who  will 
be  working  in  a  tiae-sensitive  job  is  extremely  important. 

s.  isiiis  aM  iasaiic  Qisiaista 

An  active  operator  is  one  who  initiates  coaputer 
operations  such  as  aaking  enquiries,  entering  data  or  initi¬ 
ating  piocessing.  1  passive  operator  is  one  who  takes 
action  after  it  is  initiated  by  the  coaputer,  as  for 
exaaple,  when  the  coaputer  requests  information  or  inforas  a 
special  assistant  that  it  has  detected  an  error.  Soae  oper¬ 
ators  have  both  passive  and  active  functions.  Soae  opera¬ 
tors  aay  be  present  cnly  tc  serve  the  aachine  and  aay  have 
no  active  functions.  These  operators  are  often  called  slave 
operators.  Soae  operators  are  present  to  intercept  invalid, 
unprocessable  or  questionable  transactions  that  are  relayed 
to  thea  by  the  coaputer.  These  are  called  intercept  opera¬ 
tors.  These  categories  of  operators  need  to  be  interlinked 
into  the  aost  suitable  aan- aachine  complex. 


Ihe  designer  of  a  spates  east  know  not  only  the  type 
of  operator  bat  also  the  working  conditions  under  which  this 
specific  operator  will  be  required  to  work.  Sone  operators, 
such  as  ailitary  watch-standers,  work  under  tiae  pressure. 
Many  silitary  operators  receive  valuable  inforaation  which 
aust  be  reported  iaaediately  to  the  proper  authorities. 
This  operator  aust  be  able  to  accoaplish  his  task  within  a 
specified  tiae  fraae  without  interference  froa  the  ccaputer. 
The  aan-sachine  interface  aust  be  efficient  and  easy  to  work 
with.  Any  coa plica ted  steps  could  cause  quite  a  bit  of  work 
and  a  less  of  tiae. 

Soae  operators  have  other  people  talking  to  thea  or 
harassing  thea  while  they  work.  Ibis  causes  a  distraction 
and  ccaplicates  the  interface  between  the  operator  and  the 
coaputer.  The  interface  aust  be  brief,  siaple  and 
unconfusing  if  distractions  are  expected  to  cccur 
frequently. 

In  other  cases  the  operator  aay  work  in  the  seclu¬ 
sion  of  her  own  office  away  froa  continuous  interruptions. 
This  interface  aay  ox  aay  not  be  aore  coaplicated  depending 
again  on  the  type  of  operator.  A  high  executive  of  a  fira 
would  want  to  check  cn  the  fira's  progress  without  having  to 
take  ccaplicated  steps.  On  the  other  hand,  a  database 
aanager  in  the  fira  would  want  the  capability  to  work  with 
the  files  in  aany  different,  possibly  coaplicated,  ways. 
The  interface  between  the  operator  and  the  coaputer  depends 
largely  on  the  type  of  operator  and  the  work  he  or  she  is 
expected  to  accosplish  (Bef.  21. 


B.  Ill  CfEEATOB'S  ElVIBOIflEIT 


When  designing  a  systea  not  only  should  the  operatcr  be 
kept  in  Bind  but  also  the  environaent  which  the  systea  and 
operator  will  have  to  work  in.  Environaental  factors  have  a 
direct  bearing  on  operator  perforaance.  Perforaance  suffers 
if  the  environaent  dees  not  provide  adequate  lighting;  it 
also  suffers  in  an  environaent  containing  high  aabient  noise 
levels.  Ihe  envirenaent  aay  also  cause  physiological 
stresses  which  indirectly  affect  sensory  or  aotor 
perfcraance.  Teaperature,  ataospheric  contaaination  and 
inadequate  oxygen  fall  in  this  category.  To  soae  extent,  a 
single  ecvironaental  condition  aay  operate  both  directly  and 
indirectly  upon  haaan  perforaance. 

1  •  isiimiias 

Teaperature  is  a  stress  which  does  not  interfere 
directly  with  a  senscry  or  actor  aechanisa  but  influences 
the  general  coafort  and  psychological  functioning  cf  an 
individual.  Huaan  coafort  is  certainly  as  iaportant  a 
consideration  in  the  design  of  a  systea  as  is  aeasured  huaan 
proficiency.  Today's  coaputer  systeas  need  to  reaain  ccol 
in  order  to  run  properly.  Therefore,  aany  coaputer  centers 
and  ailitary  installations  are  very  cold.  This  provides  an 
uncoafortable  environaent  for  the  operator  to  work  in.  In 
aany  situations  the  operators  and  their  terainals  could  be 
placed  in  a  separate  waraer  rcoa  where  they  could  continue 
aonitcring  the  systea  in  coafort.  In  other  cases  the  oper¬ 
ator  would  prefer  tc  work  closer  to  the  coaputers  in  erder 
to  watch  the  network  and  be  right  there  when  soaething  gees 
wrong.  If  this  is  the  case  proper  clothing  should  be 
authorized  so  that  the  operator  can  perfora  his  duties  in 
soae  ccafort. 


18 


v-’.-v 


2.  lighting 

A  fundamental  objective  of  lighting  practice  is  to 
provide  illumination  upon  a  visual  task  so  that  it  can  be 
seen  guickly,  accurately  and  easily.  lighting  a  rooa 
correctly  for  a  group  of  people  to  work  in  is  not  as  easy  to 
do  as  setting  the  temperature  of  the  rcom.  Eyes  are 
eztreeely  sensitive  and  vary  a  great  deal  from  one  person  to 
the  next.  Some  people  can  work  in  a  room  with  fluorescent 
lights  without  difficulty  vhile  others  develop  severe  head¬ 
aches  or  burning  sensations  in  the  eyes  after  a  short  time. 
The  same  is  true  about  terminal  screens.  Some  operators  can 
work  in  front  of  a  terminal  for  hours  without  any  discomfort 
vhile  others  can  not  work  sore  than  an  hour.  The  correct 
lighting  in  a  rooa  with  computer  terminals  is  very  impor¬ 
tant.  host  terminals  have,  brightness  knobs  so  each  indi¬ 
vidual  operator  can  control  the  screen* s  lighting  while  he 
or  she  is  using  it.  Host  terminals  also  have  glare  resis¬ 
tant  glass.  THe  lighting  in  the  room  still  has  affects  on 
the  operators  eyes.  If  the  rooa  is  too  bright  it  is  diffi¬ 
cult  on  the  eyes  of  the  operator.  The  amount  of  light  in  a 
rooa  and  the  location  of  the  fixtures  with  respect  to  the 
terminals  is  a  very  iiportant  consideration  £Bef.  «]. 

C.  ICOIEBEIT 

Since  eguipaent  characteristics  (e.g.,  arrangement  of 
controls  and  displays)  function  as  user  stimuli,  it  follows 
that  certain  arrangements  of  these  characteristics/stiauli 
will  he  more  efficiently  responded  to  by  personnel  than  will 
ethers.  Thus,  if  eguipaent  characteristics  are  matched  to 
the  capabilities  and  limitations  of  men,  the  performance  of 
the  latter  should  be  more  efficient. 


Ihe  number  of  controls,  displays,  and  internal  ccapo- 
nents  which  the  operator  aust  work  with  directly  affects  his 
or  her  performance.  The  larger  the  number  of  screens  the 
operator  anst  watch,  the  greater  the  likelihood  of  error. 
An  operator  of  a  real-time  system  should  not  he  required  to 
watch  and  work  with  aore  terminals  than  he  or  she  can 
handle. 

Ihe  arrangement  cf  equipment  can  also  increase  the  prob¬ 
ability  cf  error  in  operator  performance.  The  layout  of 
terminals  with  respect  to  ether  system  components  and 
lighting  must  be  considered.  If  an  operator  is  required  to 
control  aore  than  one  terminal  at  a  time  the  location  of  the 
terminals  is  very  important.  The  terminals  aust  be  set  at 
the  best  possible  angle  so  that  the  operator  can  see  at  a 
glance  what  is  being  displayed  on  each  screen.  The  operator 
aust  also  be  able  to  change  a  tape  on  a  tape  drive  or  put 
paper  in  a  printer  without  being  too  far  from  his  or  her 
position.  If  the  tape  drives  or  printers  are  in  a  separate 
room,  the  operator  can  not  keep  an  eye  on  what  is  happening 
on  the  terminals. 

Operator  performance  is  also  affected  by  the  demands 
imposed  by  the  eguipiert.  Seme  systems  require  only  visual 
checks  while  others  require  an  in-depth  knowledge  of  the 
system  in  order  to  operate  it  correctly.  Other  systems 
require  interaction  between  the  operator  and  the  system. 
Ihe  perceptual  requirements,  cognitive  requirements,  and 
motor  requirements  directly  affect  the  operators  job 
performance.  Ihe  response  the  operator  must  make  also 
produces  a  change  in  his  or  her  performance.  How  accurate 
the  response  aust  be,  how  frequent  and  how  fast  the  response 
aust  be  given  all  affect  the  performance  of  the  operator. 
The  greater  the  demand  from  the  equipment  the  poorer  the 
performance  [Ref.  3]. 


It  is  cheaper  and  easier  to  adapt  equipment  to  huaan 
capabilities  than  it  is  to  modify  huaan  capabilities  to 
equipment  requirements.  It  is  easier  to  select  different 
coaponents  cr  to  arrange  then  differently  than  it  is  to  add 
aore  sensitive  visual  acuity  to  huaan,  endow  his  or  her  with 
aore  than  his  or  her  native  intelligence,  or  change  his  or 
her  physical  diaensicns  to  a  aore  suitable  size. 

ihy  not  select  people  acre  discriainatly  for  equipaent 
operating  jcbs?  or  train  thea  longer  and  aore  intensely? 
Higher  selection  standards  and  aore  intense  training  are  an 
ideal  sc lotion  as  lcng  as  one  is  designing  only  for  a  few 
highly  qualified  people  such  as  astronauts  or  test  pilots. 
This  solution  falls  apart,  however,  as  soon  as  larger 
nuabers  cf  people  are  needed  as  equipaent  operators. 

Horecver,  the  ccaplexity  of  our  modern  technological 
devices  does  not  respect  even  the  highly  selected  and 
trained.  Aircraft  pilots  axe  both  highly  selected  and 
intensively  trained,  and  yet  aany  aircraft  accidents  result 
froa  huaan  error.  Ihe  goal  is,  therefore,  to  optiaizc  the 
design  cf  equipaent  froa  the  standpoint  of  the  operator  so 
that  his  efficiency  will  be  at  its  greatest. 

It  fellows  froa  all  this  that  a  primary  influence, 
altnough  net  the  ocly  one,  on  the  way  in  which  huaans 
operate  and  maintain  aachines  is  the  efficiency  with  which 
coaputers  are  developed  £Bef.  5].  Even  with  today* s  tech¬ 
nology  an  operator  is  involved  in  one  way  or  another  in 
every  systea.  If  they  do  not  actually  operate  coaputers, 
operators  will  continue  to  install,  aaintain,  and  aonitor 
the  perfcraance  of  ccaplex  systeas.  Operators  as  well  as 
individual  equipaent  coaponents  are  part  of  the  'total 
systea. *  Since  mechanical  and  electronic  component s  arc  now 
available  with  very  high  speeds  and  capacities,  the  design 


engineer's  task  of  integrating  operators  and  conputers  into 
saoothly  functioning  systems  has  becoae  sore  difficult.  If 
the  liaitations  and  capabilities  of  huaans  are  known  and 
understood,  and  the  purpose  of  the  operator  is  well  defined 
for  the  engineer  designing  the  system  then  better  aan 
aachine  systems  will  be  designed  and  built. 


m.  onBiacBs  A5  ssataaiis  qz  sums. 


Today's  systeas  are  designed  as  'total  systeas*  rather 
than  as  individual  ccaponents  put  together  to  fora  a  system. 
This  aethcd  of  design  produces  better  systeas.  Whet  an 
operator  is  a  coaponest  of  the  system,  design  engineers  face 
a  multitude  of  huaan  factors  considerations.  Ho  aatter  what 
type  of  operator,  as  discussed  in  the  previous  chapter,  the 
designer  aust  keep  the  operator  in  mind  when  designing  a 
systca.  Three  of  the  aajor  steps  in  designing  any  system 
are  the  following: 

a.  developing  the  system  concept 

b.  assignaent  of  the  system's  subtasks  to  compo¬ 
nent  elements  and 

c.  deciding  how  to  link  the  various  system  coapo- 
nents  together. 

These  are  the  steps  where  huaan  factors  considerations 
have  a  special  impact  on  the  design  of  the  man-machine 
systeas. 

I 

A.  DIVElOf IMG  THE  S1STEH  CCICIPT. 

The  systea  aust  he  clearly  defined  before  any  design 
decisions  can  be  made.  This  is  a  statement  of  the  purpose 
of  the  systea  -  that  is,  the  job  the  systea  is  supposed  to 
perfora.  The  description  aust  include  such  iteas  as  the 
list  of  tasks  to  be  accomplished  and  the  speed  and  accuracy 
reguireaents  for  each  subtask.  The  environment  in  which  the 
systea  will  operate  should  be  carefully  described  (e.g., 
lighting  and  teaperature) .  This  part  of  the  definition 
should  also  include  how  many  operators  will  be  needed  for 
operating  and  maintaining  the  systea,  training  procedures. 


aaintcrance  instructions,  and  updating  of  the  systen.  In 
ether  words,  the  definition  of  the  systen's  purpose  should 
not  he  specified  in  general  terns.  The  definition  must 
include  all  the  specific  things  that  say  occur. 

Man-sachine  systens  range  widely  in  their  coaplexity. 
Soae  systens  are  coaposed  of  nany  nen  and  wonen  and  many 
aachines.  Others  ccnsist  of  a  single  operator  and  one 
aachinc.  for  example,  a  conputer  center  coaposed  of  aany 
operators  and  aany  texainals  is  a  aan-nachine  systea.  Any 
cne  of  the  terainals  within  the  center  is  also  a  nan-nacnine 
systea.  This  illustrates  the  fact  that  there  are  levels  of 
systeas.  Thus,  defining  and  describing  the  systea  aust  be 
done  with  care  and  precisior  as  the  essential  groundwork  for 
good  systens  design. 

B.  ASS2GBHIHI  Of  THE  SYSTEM  SOBTASKS  TO  COHPOMEHT  E1EBEI1S. 

After  the  aission  of  the  systea  has  been  defined,  the 
designer  has  to  sake  decisions  about  which  of  the  systea' s 
subtasks  should  be  dene  by  various  conponent  elenents.  The 
first  choice  is  usually  "operator  or  aachine?"  Once  this 
decision  is  aade,  the  problea  becoaes  "which  aachine 
eleaent?"  or  "what  type  of  operator?"  Bany  things  influence 
the  designer  (e.g.,  cost  and  availability  of  coaponents) . 
It  is  iaportant  to  recognize  that  the  operator,  as  well  as 
the  aachine  coaponents,  aust  be  judged  in  terns  of  these 
criteria.  For  exaaple,  operators  nay  or  nay  not  need 
training,  or  they  aay  or  nay  not  be  carefully  chosen.  In 
ailitary  environaents  there  aay  be  aany  different  types  of 
operators  using  the  saae  systea. 

In  addition  to  the  above  considerations  a  very  iaportant 
criterioc  in  the  selection  cf  coaponents  is  that  of  getting 
the  acst  cut  of  each  in  teras  of  its  capabilities.  Each 


24 


component  -  operator  or  machine  -  should  be  used  to  do  the 
task  it  can  perform  best.  The  component's  limitations  must 
not  be  exceeded. 

Finally,  not  only  do  the  characteristics  of  the  compo¬ 
nents  dictate  whether  or  not  they  should  be  used  for  certain 
tasks  tut  these  sane  characteristics  also  prescribe  the  ways 
in  which  components  are  linked  to  each  other. 

C.  EICIE21G  BOB  TO  121K  V1BIC0S  SYSTEM  COMPONENTS  TOGETHER 

links  in  systeas  are  points  of  transfer  of  energy  or 
information  between  ccaponents.  As  such  attention  should  be 
given  to  designing  such  linkages  between  operator  and  the 
machine  as  is  given  tc  designing  linkages  between  aechanical 
coapcnents.  Traditionally,  the  human  component  has  been  the 
last  to  be  fitted  into  new  systems  with  the  result  being 
less  than  maximum  system  performance.  The  links  between  the 
human  and  machine  system  components  must  be  optimized. 

E.  BIN  IS  A  SYSTEM  COMPONENT 

Many  books  exist  which  explain  the  characteristics  of 
mechanical  and  elect icnic  system  components  and  this  litera¬ 
ture  provides  the  basis  of  design  decisions  concerning  these 
components.  The  human  operator  is  guite  a  different  kind  of 
component.  Although  there  are  many  things  about  the  human 
component  that  just  is  not  known,  scientists  have  found  seme 
characteristics  of  the  human  component  which  the  designer 
should  be  aware.  The  following  is  a  partial  list  of  what 
is  knewn  about  the  human  being  as  a  systems  component: 

1.  capability  for  data  sensing 

2.  capability  for  data  processing 

3.  capability  for  motor  activity 

4.  capability  for  learning 

5.  physical  and  psychological  needs 


6.  coordinated  action 

7.  differences  among  individuals 

It  is  iaportant  to  be  aware  of  bow  a  buaan  being  fits 
into  a  system.  Each  of  the  above  characteristics  will  be 
discussed  below.  A  brief  statement  will  be  made  about  the 
nature  of  the  characteristic  in  nan.  Then  soae  system 
design  implication  of  the  particular  characteristic  will  be 
given. 

1.  Ca£ ability.  £&p  Dajj  SeiSihi 

Han  gathers  information  through  his  senses.  Human 
senses  tend  to  be  inconsistent.  Such  things  as  a  person* s 
general  health#  or  fatigue#  affect  his  sensory  ability. 
Background  conditions  -  noise  from  a  printer#  or  a  super¬ 
visor  giving  directions  -  influence  and  may  adversely  affect 
the  senses.  Han's  ability  to  perform  is  affected  if  two  or 
more  of  his  sense  channels  are  stimulated  at  the  same  time. 
In  seme  cases#  however#  sensory  interaction  nay  boost 
performance  as#  for  example#  when  one  receives  the  same 
message  simultaneously  through  visual  and  auditory  means. 

The  human  senses  rarely  operate  by  themselves.  Han 
usually  does  more  than  simply  serve  as  a  receiver  of  infor¬ 
mation;  he  aeguires  data  -  sounds#  sights  -  and  interprets 
it  as  it  arrives.  Experience  plays  an  important  role  here. 
As  a  terminal  operator  becomes  more  familiar  with  the 
computer  system  he  tends  to  make  fewer  mistakes.  The  oper¬ 
ator  senses  the  facts  which  are  presented  to  him  and  imposes 
interpretations  on  what  he  does  sense.  His  ability  to 
perceive  the  world  in  terms  of  a  context  is  a  tremendous 
advantage  because  it  enables  him  to  get  a  great  deal  of 
information  out  of  a  sketchy  amount  of  data. 


Has  has  several  sensory  input  channels.  Overloading 
any  one  or  two  sense  sodas  should  he  avoided  if  possible 
when  designing  a  aan-aachine  systea.  Displays  used  to 
present  inforsation  to  huaan  systea  coaponents  should  be 
coapatible  with  nan's  sensory  abilities.  Dial  and  function 
key  aarkings  should  be  readable  under  operating  conditions, 
for  exaaple,  if  an  operator  is  expected  to  read  a  display  in 
coaparative  darkness,  the  aarkings  should  not  blend  in  with 
the  keys. 

ban  has  certain  perceptual  expectations  which  should 
be  reaeabered  and  utilized  in  display  design.  For  exaaple, 
an  indicator  should  rise  and  sot  fall  to  indicate  a  cliab. 
When  a  display  behaves  contrary  to  these  expectations, 
errors  in  interpretation  are  likely. 

2 •  Capability  f gp  Data  Processing 

In  addition  to  his  ability  to  act  as  a  data  senscr, 
■an  processes  inforaation:  he  thinks.  This  capability  is 
the  nest  important  single  characteristic  of  nan  as  a  systea 
coaponent.  Not  nuch  of  aan's  data  processing  characterise 
tics  are  known  because  the  area  of  huaan  thought  is  perhaps 
the  scst  cciplicated  and  least  well  understood  in  science. 
The  very  richness  and  variety  of  nan's  ability  to  handle  and 
utilize  inforaation  aakes  it  alaost  inpossible  to  charac¬ 
terize  completely.  laong  the  types  of  thinking  operations 
people  perfora  are:  arithaetic  calculations,  quantitative 
and  qualitative  estiaations,  coaparative  judgment,  transla¬ 
tion,  coding,  aeaorization  and  recall,  prediction  and  deci¬ 
sion  aaking.  These  processes  range  in  coaplexity  froa  a 
child  counting  his  fingers  to  a  genius  conteaplating  an 
unsolved  problem  of  the  universe. 

i  aajor  characteristic  of  aan  as  a  data  processor  is 
his  flexibility.  People  do  not  require  extensive  or  precise 


preprogramming.  Her  can  deal  with  changing  situations  and 
unforeseen  fro bless  in  the  absence  of  a  specific  progras. 
Unlike  a  cosputer,  man  can  constantly  develop  and  modify  his 
own  progzassing:  he  learns.  The  flexibility  of  thought 
■akes  improvisation  another  uniquely  human  characteristic. 
There  are  many  different  solutions  to  complex  problems.  The 
number  of  different  ways  an  idea  can  be  expressed  in  words 
is  a  case  in  point. 

Judgment  is  another  ability  that  man  can  exercise, 
frobably  this  skill  comes  from  man's  long-term  storage 
(memory)  and  his  ability  to  recall  certain  facts  at  the 
right  time.  Few  people,  if  any,  remember  everything  they 
see  or  bear  but  an  amazingly  large  amount  of  material  can  be 
recalled  years  after  it  has  been  acquired.  In  exercising 
judgment  an  experienced  operator  makes  decisions  in  new 
situations  which  rescnble,  but  are  not  exactly  the  sane  as, 
earlier  experiences  he  has  had.  Computer  operators  are 
faced  with  cany  different  errors  during  their  shift,  few  of 
which  are  exactly  the  same.  Good  operators  draw  on  their 
experiences  and  are  able  to  resolve  these  problems  accu¬ 
rately  and  quickly.  Han  can  grasp  complex  situations  and 
make  decisions  about  appropriate  courses  of  action. 

Rhen  designing  a  system,  man's  versatility  as  a  data 
processor  should  be  taken  full  advantage  of.  Hhile 
computers  can  do  in  minutes  what  people  take  days  or  years 
to  do,  computers  are  relatively  inflexible.  Hachines  only 
carry  cut  instructions  of  humans.  And  finally,  cost  and 
space  factors  involved  in  most  computers  can  be  staggering. 
To  build  a  computer  with  any  intelligence  would  ccst  more 
money  then  one  can  imagine  plus  take  up  a  large  amount  of 
space.  The  investment  would  not  be  worth  it  when  a  man- 
machine  system  could  be  built  to  accomplish  the  same  task 
for  less  money  and  space. 
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Sines  his  speed,  accuracy,  and  capacity  differs 
widely  with  particular  data  processing  tasks,  a  aan  should 
he  assigned  to  sjstea  tasks  very  carefully.  A  huaan  is  not 
very  effective  in  perforaing  routine  calculations  -  he  is 
slow  and  is  likely  tc  sake  errors.  A  ccaputer,  on  the  ether 
hand,  is  fast  and  accurate.  A  nan's  aeaory  is  not  capable 
of  handling  large  tedies  of  concrete  facts  and  details 
guickly  and  reliably.  He  should  be  replaced  or  supplemented 
by  autcaatic  devices  in  perforaing  tasks  like  these. 

dan  and  the  coaputer  are  not  rivals.  The  computer 
can  take  over  a  great  aany  of  aan's  chores,  especially  the 
aore  routine  ones,  and  aan  can  be  freed  to  devote  acre  of 
his  or  her  tiae  and  energy  to  his  or  her  specifically  huaan 
activities  cf  planning,  supervision,  and  creative  thought. 
Han  and  the  coaputer  (in  fact  aan  and  any  nachine)  should  be 
thought  cf  as  teaa  acabers  rather  than  competitors.  Each 
has  certain  strengths  and  weaknesses.  Effective  system 
design  should  compose  the  teaa  so  as  to  have  each  teaa 
aeaber  compensate  fer  the  other's  shortcomings.  This  is 
done,  for  eaaaple,  in  the  case  where  the  coaputer  is  used  to 
aake  routine  calculations  which  a  aan  needs  to  sake  over- all 
decisions,  or  where  the  coaputer  is  used  to  sake  rough  sorts 
among  a  large  nuaber  of  alternatives  when  the  aan  is 
assigned  the  job  of  aaking  the  final  decision  aacng  the 
screened  alternatives  reaaining. 

3.  Ca£l£ili£2  iS£  £££££  isUilli 

In  addition  tc  data  sensing  and  data  processing,  aan 
also  perforas  certain  aotoz  activities.  He  can  aove  his 
aras,  legs,  hands  and  do  other  auscular  actions.  Speech  is 
also  in  this  category  here.  These  aotor  activity  capabili¬ 
ties  enable  aan  to  act  upon  the  environment  by  manipulating 
controls,  changing  his  position  and  location,  transaitting 
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inf or  nation  verbally  to  others,  and  by  lifting  and  acving 
objects. 

lhe  ability  cf  aan  to  aake  aoveaents  is  United  in 
both  power  and  speed.  There  is  a  tine  delay  between  the 
instant  when  he  decides  to  lake  a  aoveaent  and  the  tine  the 
aoveaent  occurs.  Ban  is  also  United  as  to  the  kind  of 
aoveaents  he  can  aake.  He  can  reach  in  soae  directions  and 
not  in  others,  and  there  are  Units  to  the  distances  he  can 
reach  or  extend  his  hand.  The  consistency  with  which  aan 
can  apply  force  is  also  liaited;  his  auscles  fatigue 
rapidly.  The  precision  with  which  he  can  apply  force  is 
also  liaited. 

The  aotor  tasks  assigned  to  aen  in  systeas  should  be 
coapatible  with  aen*s  abilities  to  perfora  thea  at  the 
levels  deaanded  by  task  and  systea  reguireaents.  Control 
devices  reguiring  that  people  aaintain  consistent  forces 
over  long  periods  of  tiae  should  be  eliainated  if  possible. 
If  huaan  speech  is  reguired  for  a  systea  task,  the  noise 
level  of  the  work  area  can  not  be  excessive.  If  there  is 
aore  than  one  operator  using  a  systea  they  Bay  have  to 
coaaunicate  orally  in  order  to  perfora  a  systeas  task. 

Botcr  task  reguireaents  of  huaan  systea  coaponents 
should  be  designed  for  efficient  accoaplishaent. 
Pushbuttons,  cranks,  joysticks,  control  panels,  and  knobs 
should  be  built  for  easy  use.  Hen  have  several  aotor  output 
aechanisis.  Tasks  reguiring  huaan  aotor  activity  should  be 
distributed  aaong  the  different  aechanisas.  These  output 
aechanisis  should  net  be  overloaded.  The  use  of  foot 
pedals,  knee  switches,  voice  triggered  relays  are  exaaples 
cf  ways  that  the  hands  and  aras  can  be  relieved  cf  aotor 
control  activity. 


4.  £4££&lilX  learning 


Cne  of  mb's  cost  important  basic  abilities,  an 
attribute  that  clearly  differentiates  nin  fros  machines,  is 
that  be  can  learn.  Given  enough  tine,  nan  can  inprovc  his 
perfcrnance  in  alnost  an;  task.  In  spite  of  the  treaendous 
value  of  this  ability  to  acguire  better  nethods  and  new 
knowledge  and  skill,  learning  takes  tine.  The  tine  reguired 
for  the  learning  process  will  generally  vary  with  the 
coaplezity  of  the  naterial  cr  task  he  is  trying  to  learn. 

Much  of  hunan  learning  involves  a  trial-and-error 
process.  If  one  thing  does  not  work,  nan  will  try  another. 
The  learning  process  is  usually  accelerated  if  there  is 
feedback  or  knowledge  of  results.  If  nan  gets  this  kind  of 
inforcaticn,  he  can  guickly  figure  out  new  approaches,  drop 
the  old  unsuccessful  ones  and  keep  the  ones  that  worked. 

The  use  of  siiulators  illustrates  another  fact  about 
hunan  learning:  nen  are  sonehow  able  to  transfer  skills 
acquired  in  one  situation  to  another  sinilar,  but  not 
identical,  situation. 

The  systen  tasks  which  the  operator  is  expected  to 
do  shculd  be  designed  with  the  intent  of  nininizing  the  tine 
reguired  to  learn  tc  perforn  then.  Mo  natter  hew  pcorly 
planned  the  systen  tasks  are,  nost  can  be  overcone  if  people 
have  enough  tine  in  training.  The  effective  perfornance  of 
a  new  systen  can  be  accelerated  if  the  need  for  excessive 
preparaticn  of  hunar  components  is  eliminated.  Sene 
training  time  can  be  reduced  by  designing  new  tasks  so  that 
they  bear  resemblance  to  tasks  already  known. 


5.  £Ju£isal  a&d  iixs&alasiiaA  Jtesli 


lhere  are  certain  physiological  needs  of  huaan 
systea  coaponents  that  aust  be  satisfied  or  their 
perforaance  will  be  degraded.  Food,  sleep,  and  aaintenance 
of  health  are  critical  huaan  physiolgical  needs.  There  also 
are  certain  psychological  needs  which  have  effects  on  systea 
design.  Mcrale,  activation,  and  job  satisfaction  affect 
over-all  systea  capability  and  they  should  be  considered  by 
the  designer  of  aan-aachine  systeas. 

If  systea  tasks  perforaed  by  aen  are  of  long  dura¬ 
tion  -  aore  than  the  custoaary  eight- hour  shift  -  previsions 
aade  for  aeeting  physiological  needs  assune  special 
iaportance. 

Morale  is  adversely  affected  by  routine,  repetitive 
tasks.  Host  people  tend  to  lose  interest  and  becone  bored 
in  such  situations.  Their  work  becomes  less  efficient.  If 
possible,  repetitive  tasks  should  be  done  by  aachines 
instead  of  people.  If  a  person  aust  do  the  task  then  ether 
functions  should  be  added  to  break  up  the  aonotony,  perhaps 
even  unnecessary  ones. 

6  •  s&at&z lisa  istiaa 

Man  behaves  as  an  integrated  unit.  His  aany  capa¬ 
bilities  work  in  combination  and  concurrently.  At  the  same 
time  he  is  sending  infor nation,  a  person  may  also  be 
processing  inforaaticn  and  perforaing  certain  notor  activi¬ 
ties.  As  a  systea  ccapontent,  man  selects  from  his  abili¬ 
ties  the  one  aost  appropriate  to  the  situation  he  is  in  and 
he  acts  accordingly.  He  can  operate  in  a  simple  or  in  a 
very  complex  manner. 

Man  can  perform  several  kinds  of  tasks 
simultaneously  or  in  rapid  succession  and  keep  then  all 


integrated.  He  can  direct  his  cun  effort.  He  can  shift  his 
attention  to  a  very  narrow  aspect  of  the  total  situation,  or 
he  can  distribute  it  over  nany  aspects  of  the  situation, 
giving  only  a  ainiaal  aaount  of  attention  to  each.  There 
is,  hewever,  a  liait  to  all  this.  There  is  a  point  at  which 
the  addition  of  tasks  and  responsibilities  outstrips  nan's 
versatility.  This  is  when  sonething  gets  neglected.  fihile 
this  is  not  a  desirable  situation,  it  is  at  least  a  point  in 
his  favor  that  san,  as  conpared  to  a  aachine,  will  not 
siaply  gc  on  functioning  blindly  until  he  breaks  down,  but 
will  prcbably  attenpt  to  focus  on  selecting  and  perforaing 
the  acst  critical  tasks  and  thus  saving  the  situation  to 
soae  degree. 

When  designing  systeas  it  is  iaportant  to  use  aan's 
versatility  and  his  ability  to  perfora  aany  tasks 
siaultaneously.  The  operator's  ability  to  coordinate  his 
actions  should  not  be  exceeded.  However,  if  the  tasks  get 
too  heavy,  aan,  unlike  coaputers,  has  the  ability  tc  decide 
which  tasks  are  the  acst  iaportant  and  should  be  done  first. 
In  general,  the  nuaber  of  siaultaneous  tasks  should  be  kept 
low,  work  spaces  shculd  be  designed  to  sake  shifts  froa  one 
task  tc  another  easy,  and  coapatible  displays  and  controls 
should  be  provided. 

7.  UUss-^&s&s.  Haas  laiiiiiMis 

Cne  of  the  acst  troublesoae  things  about  aan  as  a 
systea  coapcnent  is  the  fact  that,  as  a  class,  he  is  not 
very  well  standardized.  In  teras  of  each  of  the  character¬ 
istics  described  abeve  -  data  sensing,  data  processing, 
capability  for  learning,  etc.  -  aen  differ  widely  free  cne 
another.  kithin  liaits,  aen  differ  in  their  sensory  skill 
levels,  their  ability  to  utilize  inforaation,  their  aotor 
skills,  their  ability  to  learn,  the  strengths  and  types  of 


their  physical  and  psychological  needs,  their  ability  to 
coordinate  their  own  activities  and  abilities,  and  their 
ability  to  keep  their  performance  fron  being  affected  by 
their  eacticns,  seeds  and  hardships. 

Hot  only  do  people  differ  froa  each  other  in  teras 
of  specific  factors,  but  there  are  wide  differences  in 
patterns  or  coabinaticns  of  human  characteristics.  Iuc  aen 
of  identical  height  and  weight  do  not  necessarily  have 
siailar  perceptual  or  learning  skills. 

It  is  iaportant  to  note  that  aost  human  characteris¬ 
tics  are  distributed  in  a  "normal"  fashion.  Hhile  there  are 
extreaes  of  all  types  in  the  population,  the  design  engineer 
should  keep  in  aind  that  there  are  far  more  people  whe  are 
"average,"  in  teras  cf  aost  huaan  abilities,  than  there  are 
extreae  cases.  The  designer  should  plan  huaan  systca  tasks 
with  an  "average"  user  in  aind.  The  user  population  aust  be 
defined  precisely  and  accurately.  Typical  user  populations 
aight  te;  cider  people,  first-tera  ailitary  enlistees,  and 
so  forth.  Accurate  figures  do  exist  on  the  distributions  of 
huaan  abilities  and  characteristics.  The  designer  should 
not  assuae  that  aen  good  at  one  type  of  task  will  also  be 
skilled  in  another.  If  possible  the  design  plans  should  be 
in  terms  cf  specific  types  rather  than  of  a  mythical, 
general  "all-Anericas  boy"  operator  £ Bef .  6]. 


I.  SCHHAB1 

Having  examined  aan  in  soae  detail  as  a  systea  compo¬ 
nent,  there  are  soae  suaaary  remarks  that  can  be  aade  with 
respect  to  using  this  inforaation  in  the  design  process. 
There  is  a  tendency  tc  categorize  huaan  and  aachine  elements 
in  terns  of  "what  man  can  do  best"  and  "what  aachines  can  do 
best."  Since  this  kind  of  suaaarizing  is  net  very 


profitable  in  terns  cf  specific  probleas  facing  the  design 
engineer,  about  the  best  thing  to  do  is  to  underline  the 
earlier-stated  notion  that  ten  and  nachines  are  not  conpeti- 
tors.  Sithin  liaits  of  what  is  available  and,  sore  impor¬ 
tant,  cost  considerations,  the  systea  designer  should 
consider  the  characteristics  of  both  nen  and  aachines  rela¬ 
tive  to  the  specific  systea  problea  facing  hia.  The  two 
classes  cf  coaponents  should  he  wed  in  such  a  way  that  the 
respective  strengths  of  each  coapleaent  the  weaknesses  of 
the  other.  Poliowing  are  sone  general  renarks  about  nan  as 
a  systea  coaponent: 

1.  ban  is  a  highly  versatile  coaponent.  He  can  fulfill 
a  wide  range  of  functions  that  usually  require  very  coupler 
and  large  mechanical  or  electronic  counterparts.  Scae  of 
aan*s  versatile  capacities  cannot  be  duplicate^  by  nenhusan 
coaponents. 

2.  Ccnpared  with  aachines,  aen  are  generalists  or  jacks- 
of-all-trades.  This  versatility  is  extreaely  useful  but,  at 
tiaes,  it  can  be  troublesoae  because  of  nan's  sonewhat 
unpredictable  nature. 

3.  ban  has  a  great  deal  of  built-in  variability.  it  is 
difficult  tc  predict  with  great  accuracy  exactly  how  a  aan 
will  perform  in  any  specific  situation.  Depending  upon  the 
particular  task,  and  also  upon  aany  changing  factors  -  moti¬ 
vation,  state  of  health,  experience  -  man's  performance  may 
be  outstanding  on  one  occasion  and  very  poor  on  another. 

4.  ban  has  very  definite  liaits  on  what  he  can  do. 
Onlike  mechanical  ccmponents  which  can  be  expanded  on  a 
nodule  basis,  aan  reaches  saturation  both  in  terms  of  the 
nuaber  of  things  he  can  do  simultaneously  and  the  duration 
of  his  effort.  While  this  sounds  obvious,  it  is  the  one 
thing  that  is  nost  often  overlooked  in  the  systea  design 
process. 


5.  3he  huaan  component  has  aany  vulnerabilities.  Many 
environmental  conditions  influence  aan's  behavior:  his 
health*  his  age*  and  his  physical  staaina  are  all  exaaples 
of  aan*s  ncn-f oolprccf  nature.  He  aust  be  utilized  with 
care. 

6.  In  spite  of  notions  to  the  contrary*  aan  is  a  costly 
coapcnent.  In  teras  of  training  costs*  aaintenance  costs* 
and  replaceaent  costs*  the  huaan  as  a  systea  coaponent  aay 
be  far  acre  expensive  than  a  casual  investigation  indicates. 

Chapter  two  described  types  or  categories  of  operators 
and  this  chapter  discussed  how  these  operators  fit  as  a 
coapcnent  into  the  "total  system."  The  next  chapter  will 
apply  this  general  discussion  to  a  particular  computer 
systea  used  by  the  United  States  Navy. 


ir.  casi  mil 


The  previous  two  chapters  provide  a  background  and  over¬ 
view  of  acst  of  the  issues  and  concerns  in  designing  an 
interface  between  an  operator  and  a  computer  systea.  This 
chapter  will  provide  a  discussion  of  these  issues  in  the 
context  cf  an  actual  system.  The  system  already  exists,  and 
the  discussion  will  be  from  the  perspective  of  a  survey  of 
existing  problems  and  recommendations  for  modifications  and 
corrections. 

The  United  States  Navy  utilizes  many  special,  complex, 
real-time  computer  systems  which  require  operator  interac¬ 
tion  for  operation  and  maintenance.  In  this  chapter,  we 
will  describe  the  structure  of  a  specific  example  of  this 
type  of  system.  The  system  is  operated  continuously  twenty- 
four  hours  a  day,  three  hundred  sixty-five  days  a  year.  At 
least  three  operators,  a  CD E  operator,  an  EDP  operator,  and 
an  EG  operator  are  needed  to  run  the  systea  during  a  regular 
eight-hour  shift.  The  operators  are  responsible  for 
ensuring  the  computer  collects  and  processes  real-time  data 
and  transmits  correct  reports  to  the  proper  users. 

The  CDP  operator  is  responsible  for  setting  up  the 
computer.  All  the  information  needed  to  properly  set  up  the 
computer  is  provided  to  the  operator  by  outside  sources 
through  a  paper  report.  The  operator  takes  this  data  and 
inserts  the  information  into  the  computer.  The  information 
includes  a  date-time-group,  and  the  time  limits  on  a  partic¬ 
ular  run.  To  insert  the  information  the  operator  answers  a 
large  number  of  guestions  generated  by  the  computer.  Each 
time  the  computer  has  to  be  set  up,  the  operator  must  answer 
the  same  guestions.  Most  of  the  answers  do  not  change  and 
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the  operator  eventually  just  memorizes  the  sequence  of 
answers  without  reading  the  questions.  This  type  of  inter¬ 
face  can  cause  horedcm  and  carelessness  on  the  operator's 
part.  then  the  computer  has  processed  ail  the  desired  data 
the  CEE  operator  performs  the  proper  operations  so  the 
computer  will  terminate  the  current  run  and  prepare  to  start 
over  again. 

The  seccnd  operator,  called  the  EDP  operator,  monitors 
the  system.  He  does  this  by  watching  a  continuous  presenta¬ 
tion  of  a  file,  called  a  day-file,  which  gives  a  step-ty- 
step  description  of  the  computer's  actions.  This  dayfile  is 
taken  directly  from  the  operating  system  of  the  computer  and 
is  not  rewritten  befcre  the  operator  sees  it.  Therefore, 
tne  description  is  written  in  the  vendor's  operating  system 
terms.  The  EDP  operator  also  changes  tapes  on  the  tape 
drives,  adds  paper  tc  the  printer,  and  other  miscellaneous 
jobs  needed  to  be  performed  for  processing. 

The  third  position  is  the  Evaluation  and  Reporting  (ER) 
position.  The  ER  operator  evaluates  all  of  the  reports 
processed  and  transmitted  by  the  computer.  He  checks  for 
any  reports  that  are  wrong,  makes  corrections  if  possible 
and  cancels  those  which  are  erroneous.  This  operator  also 
performs  some  analysis.  Hhen  the  computer  is  unable  to 
automatically  generate  a  report,  the  ER  operator  attempts  to 
gather  outside  information  to  support  the  computer.  If  the 
operator  can  complete  the  process,  he  manually  generates  a 
report  of  the  information. 

1.  TIPS  OF  OPEBiTOB 

The  type  of  operators  used  to  operate  this  particular 
system  may  he  any  combination  of  the  types  discussed  earlier 
in  chapter  two.  The  operators  work  sir  eight-nour  shifts  in 
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five  days.  The  CDP  and  the  £DP  operators  spend  their  entire 
shift  working  with  ccaputer  terminals.  They  are  therefore 
categorized  as  dedicated  operators.  The  CDP's  entire  job  is 
performed  in  front  of  the  terminal.  The  CDP  operator  is 
both  an  active  and  a  passive  operator.  is  an  active  oper¬ 
ator,  he  enters  data  into  the  computer  and  initiates 
processing.  The  CDP  operator  enters  data  into  the  computer 
by  answering  guestions  provided  by  the  computer.  This  sakes 
him  a  passive  operator.  The  EDP  operator  is  only  a  passive 
operator.  He  does  not  interact  with  the  system  unless  the 
computer  malfunctions.  Although  the  ER  operator  also  uses  a 
terminal,  he  spends  a  large  amount  of  time  doing  paperwork. 
He  is  therefore  a  part-time  casual  operator  and  a  part-time 
dedicated  operator.  Bhen  the  workload  is  heavy  the  operator 
spends  most  of  his  shift  at  the  keyboard  and  the  paperwork 
is  put  aside  until  it  is  convenient. 

The  operator's  backgrounds  vary  a  great  deal.  Many  of 
the  operators  join  tie  Navy  directly  after  high  school  grad¬ 
uation.  If  they  become  cryptology  technicians  (Cl)  when 
they  enlist,  they  go  through  the  appropriate  training  course 
directly  after  bcotcasp.  Other  operators  have  been  in  the 
Navy  but  in  a  different  field,  such  as  intelligence 
specialist  or  aviaticn  mechanic.  These  operators  transfer 
into  the  CT  field  through  one  of  the  Navy's  re-enlistment 
programs.  They  alsc  attend  the  training  course.  ill  of 
these  operators  receive  the  same  sixteen  week  training 
course.  The  coarse  does  not  teach  programming  languages. 
It  provides  training  cn  how  to  use  the  system  and  a  general 
understanding  of  computers.  A  majority  of  the  operators  do 
not  have  any  programming  or  computer  experience.  For  those 
not  interested  in  computers  the  sixteen  week  training  course 
is  all  the  education  they  receive.  The  initial  lack  of 
experience  indicates  that  the  man-machine  interface  should 
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be  written  in  an  inferaal  language  which  the  operator  can 
understand.  The  Navy  can  not  afford  to  spend  the  tiae  or 
■one;  needed  to  provide  the  operators  with  a  more  thorough 
training  program.  If  the  interface  is  written  in  an  easy  to 
understand,  informal  language  then  the  training  course  can 
provide  a  tetter  education  of  the  system  instead  of  merely 
the  interface  language.  This  way  once  the  operator  arrives 
at  her  duty  station  she  can  spend  her  first  few  watetes 
learning  the  "local  procedures"  instead  of  being  retrained 
on  the  system.  This  would  save  tiae  and  money  for  the  u.  S. 
Navy  and  the  individual  field  sites. 

In  summary,  the  type  of  operator  used  for  running  this 
system  is  dedicated,  nenprogramming-oriented,  and  not  highly 
trained,  and  the  man-machine  interface  should  be  designed 
for  this  type  of  operator.  It  should  be  easy  to  learn  and 
understand  and  should  provide  status  and  reguest  input  in  an 
informal  language,  not  in  operating  system  terms.  It  should 
also  require  enough  interaction  between  the  operator  and  the 
computer  to  make  the  operator  feel  he  is  a  part  of  the 
system  and  not  an  unneeded  component. 

B.  POSITIONS 

The  computer  is  operated  from  three  positions  which  are 
manned  by  watchstanders.  Each  position  has  a  different 
interface  which  the  operator  must  learn  to  work  with.  Each 
position  also  has  its  own  problems.  The  following 
paragraphs  describe  the  problems  with  respect  to  each 
position. 

The  operators  and  the  hardware  of  the  system  are  physi¬ 
cally  located  in  two  separate  rooms.  The  separation  was 
deliberate  and  will  not  change  in  the  future.  Thus,  if 
there  is  a  system  malfunction  the  CDP  operator  must  leave 


his  terminal  and  90  tc  another  rooa  to  check  on  the  problem. 
This  leans  the  ter  final  is  unsanned  for  the  tine  the  oper¬ 
ator  is  in  the  hardware  rooa.  Since  the  operator  position 
will  not  he  sowed  into  the  saae  rooa  as  the  hardware,  an 
intercca  systea  should  he  set  up.  This  way  the  COP  operator 
could  ccoaunicate  with  soaeone  in  the  hardware  rooa  and  stay 
at  the  ter  final,  or  90  to  the  hardware  rooa  and  ccaaunicate 
with  scseone  else  at  the  terninal.  The  COP  operator  would 
still  have  control  ever  the  systea  at  his  terminal  and  he 
can  check  on  the  systea  in  the  hardware  rooa. 

The  COP  operator  has  a  dedicated  Hewlett-Packard  aicro- 
processor  and  terainal  next  to  her  position.  It  is  dedi¬ 
cated  to  a  graphical  representation  of  the  coaputer  links 
and  operation.  The  display  is  slower  than  the  systea  it 
replaced  because  it  takes  longer  for  a  coaputer  prograa  to 
execute  than  for  lights  to  turn  on.  The  old  systea  was  a 
bulky  display  panel  with  aany  lights.  The  lights  siaply 
were  cn  cr  off  showing  the  COP  operator  whether  or  net  the 
connections  were  aade.  The  HP  terainal  displays  a  picture 
cf  the  eguipaent  with  the  links.  In  addition,  the  xajor 
problea  with  the  HP  is  it  is  net  reliable.  For  instance,  at 
cne  tiae  part  of  the  coaputer  systea  was  not  functioning  and 
the  HP  terainal  shoved  that  it  was.  It  also  happens  the 
opposite  way.  The  terainal  is  an  ideal  coaponent  for  the 
COP  pcsitior.  Given  the  tire  and  aoney  spent  on  this  status 
terainal,  it  should  be  reliable,  or  aore  resource  should  be 
spent  to  aake  it  reliable.  Also,  some  of  the  operators  have 
aade  changes  to  the  HP  terainal  programs  which  have 
tenefitted  the  watch  standers.  These  changes  should  be 
shared  with  other  field  stations  so  that  everyone  can 
benefit  froi  thea. 

The  regular  terainals  that  the  operators  use  have  aany 
capabilities  which  presently  are  not  being  used.  There  are 


function  keys  at  the  top  of  the  keyboard  which  could  be  used 
to  pezfozn  sone  of  the  repetitive  operations.  There  also  is 
a  set  of  keys  on  the  right  side  of  the  keyboard  which  can  be 
used  to  enter  nuabers.  Any  of  these  keys  could  be  used  to 
speed  up  interaction  with  the  conputer.  Presently,  it  takes 
approziaately  five  ainutes  to  perforn  the  set  up  of  the 
coaputer.  In  the  future  there  nay  not  be  five  ainutes 
available  tc  prepare  the  coaputer  for  the  next  run. 

The  COP  operator  enters  data  into  the  coaputer  and  he 
can,  of  course,  easily  aake  aistakes.  The  error  aessages  he 
receives  are  in  operating  system  terns.  For  exaaple,  the 
error  aessage  NLP7AM  is  suppose  to  tell  the  operator  that 
the  line  printer  he  reguested  is  not  available.  In  addition 
to  learning  how  to  use  the  terainal  to  run  the  coaputer,  the 
operator  nust  nenorize  the  meaning  of  aany  err.or  aessages. 
There  is  a  aanual  which  lists  all  of  the  error  aessages  and 
the  causes  but  the  eperator  does  not  always  have  tiae  to 
look  thea  up.  The  error  messages  should  be  rewritten  in  a 
language  the  operators  can  understand  and  they  should  relate 
to  the  actual  application  and  program. 

The  IDP  operator  aonitors  the  computer  through  a  file 
called  a  dayfile.  Tbe  file  automatically  updates  itself  and 
repeats  the  aessages  over  and  over  again.  Basically,  it 
provides  a  long  seguence  of  operating  system  status  messages 
which  give  the  operator  the  message:  "I'm  okay,  I'm  ckay, 
etc..."  until  soaething  goes  wrong.  Rhen  an  error  occurs, 
the  error  aessage  will  be  buried  in  the  seguence  cf  ether 
status  aessages.  operating  system  terms.  If  the  operator 
is  experienced  she  car  easily  find  the  messages  in  the  file 
which  tell  her  how  the  system  is  doing.  An  unexperienced 
operator  say  miss  an  important  aessage  because  she  can  not 
interpret  the  file.  The  file  should  be  written  in  a 
language  the  operators  can  easily  read  and  understand. 


Ihe  EB  position  is  eztreaely  active.  In  addition  to 
checking  reports  and  aaking  corrections,  this  operator  east 
also  shuffle  a  large  aaount  of  papers.  He  is  responsible 
for  ripping,  sorting  and  filing  aessages  received  free  ether 
locations.  He  actually  uses  only  a  saall  aaount  of  the 
aessages  which  are  received.  The  rest,  used  aostly  for 
background  inforaaticn,  are  placed  on  clip  boards  for 
everycne  to  read.  This  task  is  tedious  and  could  be  divided 
aaong  the  other  operators. 

The  aessages  the  EB  operator  uses  contain  sore  inf or na¬ 
tion  than  the  operator  needs.  For  eraaple,  out  of  a 
possible  ten  coluans  of  inforaation  only  one  or  two  coluans 
aay  be  used.  Hany  tines  these  coluans  are  spread  out 
instead  of  located  near  each  other  for  ease  of  reading.  The 
operator  aust  first  find  the  correct  coluans  of  inforaation 
and  atteapt  to  read  the  correct  row  in  each  one.  k  charac¬ 
teristic  of  database  systems  is  that  coluans  of  data  can  be 
easily  acved  around.  The  printouts  should  have  the  coluans 
of  inforaation  nost  often  used  on  the  far  left  and  grouped 
together  so  the  operator  can  read  thea  quickly  and  easily. 
If  the  rest  of  the  data  is  not  needed  then  it  should  be 
deleted,  or  at  least  stored  without  being  printed.  If  there 
are  tiaes  when  all  the  inforaation  is  needed  then  it  should 
be  available  to  the  operator  on  request,  but  only  on 
request. 

The  inforaation  on  the  printouts  is  extreaely  technical. 
The  EB  operators  should  receive  soae  basic  training  so  that 
he  can  perfora  his  job  proficiently.  The  training  would 
enable  the  operator  to  read  and  recognize  the  data  without 
having  tc  look  it  up  in  a  pile  of  aanuals.  It  would  also 
give  hia  a  better  understanding  of  the  action  that  is  taking 
place. 
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Today  all  updating  of  the  database  is  done  aanually  by 
the  operators.  If  this  update  was  done  autoaatically  it 
would  speed  up  processing.  The  operator  would  be  free  to  do 
other  tasks  and  not  spend  the  tiae  updating  the  systea. 
Correct  autoaatic  updating  would  also  ensure  that  the 
correct  and  aost  current  analysis  was  perforned.  If  it 
could  not  be  done  autoaatically  perhaps  it  could  be 
perforaed  by  query  froa  the  coaputer  to  the  operator  to 
verify  the  update.  This  would  ensure  that  incorrect  data 
did  net  replace  correct,  up-to-date  inforaation. 

Many  tiaes  the  IB  operator  gets  behind  because  cf  the 
large  aacunt  of  processing  being  done.  Presently,  there  is 
no  separation  of  high  interest  iteas  and  routine  processing. 
If  there  were  aore  terainals  available  for  the  operators  at 
the  EB  position  then  one  operator  could  process  just  the 
high  interest  iteas  at  one  terainal.  The  routine  iteas 
could  be  processed  at  a  second  terainal  by  another  operator. 
The  iaportant  inforaation  would  be  processed  and  the  routine 
iteas  wculd  not  get  backlogged. 

Everyone  needs  soae  fora  of  feedback,  whether  geed  or 
bad,  to  perfora  a  job  well.  The  operators  need  feedback 
froa  the  support  personnel  and  the  support  personnel  need 
feedback  frea  the  operators.  The  coaaunication  lines  need 
to  be  opened  and  kept  opened  so  that  the  site  as  a  whole  can 
perfora  at  its  best.  it  least  one  field  station  has  an 
cutstanding  relationship  between  the  operators  and  the 
suppert  personnel.  The  end  product  it  produces  is  well 
received  by  the  users  as  a  result. 

The  systea  changes  frequently.  Any  future  changes 
concerning  the  terainals  should  take  advantage  of  the  capa¬ 
bilities  which  already  exist.  There  are  aany  possible  uses 
for  the  extra  keys  on  the  terainals.  Using  the  keys  instead 


cf  adding  acre  CBTs  tc  the  CDE  position  would  sake  the  oper¬ 
ator  *s  tasks  easier  and  take  less  tine.  Consideration 
should,  however,  he  given  tc  adding  a  terainal  tc  the  Efi 
position.  The  EE  pceition  would  utilize  a  second  terainal 
aore  effectively  than  the  COP. 

C.  TEE  EB7IBOIHEIT 

The  operator  must  he  comfortable  in  her  envircnaent  to 
perfora  her  "best."  She  aust  he  able  to  aove  freely  and 
guickly  to  respond  to  unexpected  events,  such  as  system 
failures.  She  aust  he  able  to  read  the  terainal  screen 
easily  withcut  causing  unnecessary  strain  on  her  eyes.  The 
envircnaent  the  operator  works  in  has  a  direct  effect  on  her 
performance. 

1  •  Temperature 

Is  aenticned  in  chapter  two,  improper  environmental 
temperature  can  cause  physiological  stresses  which  indi¬ 
rectly  affect  sensory  or  motor  performance.  The  ccaputers 
reguire  cold  roans  in  order  to  function  properly  and  not 
overheat.  The  hardware  of  this  system  is  in  one  rooa  and 
the  operators,  terainals,  and  peripheral  devices  are  in 
another.  This  separation  of  eguipment  and  operator  should 
make  it  convenient  tc  keep  the  working  environaent  comfor¬ 
table  fcr  the  operators.  However,  both  rooms  are  extremely 
cold.  The  low  teaperature  is  perfect  for  the  equipment  but 
uncoafortable  for  the  operator.  The  rooa  is  so  cold  the 
operatcrs  wear  additional  pieces  of  clothing,  such  as 
sweaters  and  coats,  to  keep  warm.  This  extra  clothing  is 
awkward  and  prevents  the  operator  from  responding  guickly  to 
coaputer  requirements.  It  is  also  uncomfortable  to  wear 
heavy  clothing  the  entire  eight-hour  shift.  In  crder  for 
the  operator  to  perfora  at  her  "best"  she  aust  be  able  to 


aove  freely  without  being  constrained  by  a  bundle  of  clothes 
which  are  needed  to  keep  wars.  A  large  effort  was  aade  to 
separate  the  eguipaest  and  the  operators.  The  saae  effort 
should  be  cade  to  aake  the  operators  coafortable  in  their 
workirg  environment. 

2 .  lizhik&a. 

Presently  the  rooas  are  lit  with  rows  of  lights 
across  the  ceiling  of  the  roca.  The  light  switches  are 
wired  so  that  when  one  switch  is  turned  on  an  entire  row  of 
lights  in  the  roca  ccae  on.  It  is  not  possible  to  only  turn 
on  a  light  over  the  supervisors  desk  or  over  the  analyst's 
desk.  The  rooms  are  arranged  with  the  supervisor's  desk  at 
the  operators  back.  If  the  row  of  lights  is  turned  on  over 
the  supervisor's  desk  then  there  is  a  glare  on  the  opera¬ 
tor's  ter finals.  The  glare  causes  a  strain  on  the  opera¬ 
tor's  eyes  which  directly  effects  the  operator's 
perfcraance.  The  light  is  reguired  for  the  supervisor  hut 
not  the  operators.  The  lights  could  be  rewired  so  that  it 
is  possible  to  turn  specific  lights  on  and  keep  others  off. 
Another  possible  change  would  be  to  add  the  capability  of 
diaairg  the  lights  to  cut  down  on  the  glare.  Either  change 
would  eliainate  soae  of  the  strain  placed  on  the  operator's 
eyes  during  his  shift. 

0.  TfiAIlillG 

The  training  course  is  sixteen  weeks  in  length  and  is 
taught  five  tines  a  year.  The  total  of  five  hundred  fifty 
hours  per  class  is  divided  into  classrooa  and  laboratory 
sessions.  The  classzooa  and  laboratory  sessions  are  inter¬ 
twined  with  two  hundred  forty-one  hours  of  classroom 
lectures  and  three  hundred  nine  hours  spent  in  the 


laboratory. 


The  instructors  use  blackboards  and  handouts  for 
teaching  the  students  during  the  classxoos  lectures.  This 
is  a  difficult  way  of  teaching  first-tine  computer  users  how 
to  interact  with  a  ccaputer  terminal.  Seeing  an  example  on 
a  CRT  screen  is  different  than  seeing  it  on  paper.  People 
remember  actual  experiences  easier  than  something  written  on 
paper  and  banded  to  them.  If  at  all  possible  a  room  with  a 
terminal  for  each  student  should  be  provided  for  the  class¬ 
room  lectures.  The  terminal  room  would  give  the  instructors 
the  capability  of  introducing  the  students  to  computers 
before  placing  them  in  the  laboratory.  It  would  make  the 
students  more  comfortable  with  CRTs  and  give  them  a  better 
understanding  of  how  to  interact  with  the  terminals. 

The  training  course  gives  the  students  too  much  theory 
cn  computers.  An  operator  does  not  need  a  detailed  explana¬ 
tion  of  how  bits  and  bytes  work  in  order  to  operate  the 
system.  The  time  spent  on  theory  could  be  better  spent  on 
problem  solving  or  perhaps  spend  less  time  in  the  classroom 
and  more  time  in  the  laboratory.  The  students  need  to 
understand  how  the  components  are  linked  together  to  form 
the  total  system  and  how  to  interact  with  them.  The 
students  can  learn  about  the  internal  components  of  the 
system  after  the  couxse  in  the  working  environment. 

The  laboratory  represents  a  "perfect"  system.  The  oper¬ 
ator  is  shown  hew  tc  set  up  the  computer  and  then  hew  to 
wrap  up  the  process.  Nothing  is  said  about  the  problems 
which  occur  between  setup  and  wrapup.  No  system  runs 
perfectly  all  of  the  time.  The  students  need  some  introduc¬ 
tion  to  problems  which  say  occur  during  an  actual  watch. 
There  are  several  ways  to  achieve  this.  One  way  is  to  allow 
the  students  to  stand  watches  with  the  operators  on  the 
real-time  system.  The  on-line  training  would  show  the 
students  what  actually  happens  and  what  to  expect  during  a 


shift.  The  instructors  could  also  stand  watches  with  their 
students.  This  would  keep  the  responsibility  of  the 
students  in  the  instructors  hands  and  out  of  the  shift 
supervisor's.  It  would  also  provide  the  instructors  with  a 
method  of  evaluating  the  students.  The  on-line  training 
would  also  enable  the  instructors  to  keep  up-to-date  with 
the  systea. 

A  second  way  of  teaching  problem  solving  is  through 
simulation  cf  errors.  Software  programs  could  be  written  to 
simulate  problems  encountered  while  operating  the  computer 
systea.  Obviously  net  all  the  problems  can  be  presented  to 
the  students  but  a  large  majority  of  them  can.  The  simple 
errors  such  as  misspelling  cf  commands  could  easily  be  simu¬ 
lated.  Siaulation  cf  errors  would  provide  the  student  with 
a  better  understanding  of  his  expected  tasks  and  teach  him 
how  tc  undo  his  mistakes  without  turning  everything  off  and 
starting  over. 

After  sixteen  weeks  of  training  the  students  should  be 
capable  of  sitting  in  front  of  a  terminal  and  running  the 
systea.  However,  one  field  station  gives  each  new  operator 
an  additional  two  months  of  training  before  they  sit  the 
position.  Each  of  the  field  stations  have  local  procedures 
which  must  be  learned  in  order  to  operate  the  system. 
However,  two  months  is  tco  long  for  just  learning  local 
procedures.  Either  the  station  is  wrong  and  providing  more 
training  than  necessary  or  the  training  course  dees  not 
provide  the  appropriate  information  to  the  students. 

1.  CCICIOSXOI 

The  systea  designers  should  be  responsible  for  making 
some  of  the  suggested  changes.  The  programming  of  the  func¬ 
tion  keys  should  be  performed  by  the  designers  before  they 
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add  acre  terminals  tc  the  positions.  The  designers  should 
also  reuritc  the  dayfile  and  the  error  messages  so  that  the 
operators  can  understand  thea  without  having  to  seacrize 
their  aeanings. 

Although  the  designers  should  be  responsible  for  scae 
alterations,  the  individual  field  stations  can  aake  a 
aajority  of  the  changes.  The  tasking  of  the  operators  can 
be  unifcraly  divided  so  that  one  operator  is  not  idle  while 
another  is  overloaded.  flessages  that  need  ripping  and 
filing  can  easily  be  done  by  the  EDP  operator  instead  of  the 
IB  operator. 

An  intercoa  systca  can  easily  be  arranged  between  the 
COP  position  and  the  hardware  rooa.  The  aainte nance 
personnel  could  possibly  find  this  systea  useful  also.  If 
eguipaent  which  is  located  in  one  rooa  but  is  operated  in 
another  calf unctions,  two  aaintenance  personnel  could  work 
on  the  problea  without  having  to  physically  go  back  and 
forth  between  the  two  rooms.  They  could  communicate  over 
the  intercoa. 

lhe  training  course  needs  to  be  reconstructed  or  at 
least  a  few  changes  should  be  considered.  Less  theory  and 
aore  training  on  operational  procedures  should  be  given. 
The  laboratory  sessions  could  be  aore  realistic  and  provide 
wore  problea  solving  examples. 

baking  the  changes  to  the  systea  and  the  interface  would 
enable  the  operators  to  perfora  better.  It  would  provide  a 
better  environment  tc  work  in  and  the  operators  would  be 
aore  ccafortable.  The  overall  output  of  the  systea  would  be 
processed  faster  and  he  aore  accurate,  also  benefiting  the 
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In  summary,  the  success  o£  a  systes  in  achieving  a 
speciiic  purpose  depends  largely  on  the  interlace  the  opera* 
tors  nest  use  to  coaaunicate  with  the  computer.  In  order  to 
design  the  aan-aachine  interface  there  are  a  few  facts  the 
designer  aust  be  fully  faailiar  with.  These  facts  include 
the  type  of  operator ,  the  environaent  in  which  theoperator 
aust  work  and  the  egeipaent  the  operator  aust  use  to  run  the 
systea.  The  type  cf  operator  varies  a  great  deal,  as  is 
explained  in  detail  in  chapter  two.  The  designer  aust  know 
how  eften  the  operator  will  interface  with  the  systea,  what 
the  operator's  background  is,  and  how  nuch  interaction  will 
he  needed  to  run  the  systea.  All  of  these  facts  aust  be 
known  and  thoroughly  understood  before  starting  to  design 
the  interface  of  a  system. 

The  environaent  in  which  the  systea  exists  and  the  oper- 
ator  aust  work  directly  affects  the  perforaance  the  operator 
achieves.  Therefore,  it  aust  be  constructed  to  ensure  the 
operator  is  coafortatle  while  she  works.  The  environaent 
issues  include  the  teaperature  of  the  rooa,  the  lighting  of 
the  rcca,  and  the  physical  arrangeaent  of  eguipaent. 

The  acst  iaportant  issue  which  aust  be  designed  with  the 
operator  in  aind  is  the  actual  eguipaent  the  operator  works. 
The  rualer  of  controls  and  displays  the  operator  oust 
operate  or  watch  should  be  kept  to  a  ainiaua  so  that  the 
operator  is  not  responsible  for  aore  components  than  he  can 
handle  efficiently. 

An  operator  is  net  a  piece  of  eguipaent  which  can  be 
connected  to  other  parts  of  a  systea  without  careful 
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planning.  The  operator's  capabilities  are  limited  and  must 
be  considered  before  placing  her  into  a  system.  Chapter 
three  discussed  the  capabilities  of  the  human  being  as  a 
component  of  a  system.  These  capabilities  include  the 
ability  to  learn*  sense*  process*  and  react  to  given  situ¬ 
ations.  Electronic  and  mechanical  systems  can  not  respond 
in  the  same  manner  as  mankind  and  thus  the  characteristics 
are  different.  Therefore*  the  designers  must  consider  the 
operator's  capabilities  as  veil  as  the  system's. 

The  case  study  was  done  to  give  an  example  of  how  the 
lack  of  a  thorough  understanding  of  the  man-machine  interac¬ 
tion  affects  the  performance  of  the  system  and  to  provide 
some  reccmmendations  cn  hov  to  improve  the  interface,  it  is 
extreiely  important  to  completely  define  and  thoroughly 
understand  hov  the  operators  vill  interface  vith  a  computer. 
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